ABSTRACT Susceptibility of sorghum to the fungal pathogen Periconia circinata and sensitivity to its host-specific toxin are determined by the semidominant allele at the pc locus. Pretreatment of susceptible seedlings with cycloheximide or cordycepin for 4 hr before treatment with the toxin protected the seedlings against toxin-induced loss of electrolytes and prevented development of disease symptoms. In vivo incorporation of [3H]leucine into protein was inhibited 91% and 47% by cycloheximide and cordycepin, respectively, but was not affected by the toxin. Gel electrophoresis and fluorography of in vivo-labeled proteins extracted from nontreated and toxin-treated root tips of near-isogenic susceptible and resistant lines revealed a selective increase in radioactivity of a protein band at Mr 16,000 only in preparations from toxin-treated susceptible root tips. Two-dimensional gel electrophoresis separated the Mr 16,000 band into four proteins and confirmed the increased rate of synthesis. Products of in vitro translation were substantially enriched with the four Mr 16,000 proteins when total RNA from toxin-treated susceptible root tips was used in a cellfree protein-synthesizing system. Because the proteins that increase are common to both susceptible and resistant genotypes, the toxin apparently interferes with a regulatory function, perhaps a function of the pc locus, and thereby alters gene expression in the susceptible genotype. The data suggest but do not establish that phytotoxicity results from the increased rate of synthesis of the specific proteins.
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Many plant pathogenic fungi produce metabolites that are directly involved in pathogenesis and reproduce the characteristic visible and biochemical symptoms of disease only in host species or genotypes that are susceptible to the fungus (1). These phytotoxins comprise a class of compounds known as host-specific toxins (2) or selective pathotoxins (3) . Isolates or mutants of the species that are unable to produce the toxins are nonpathogenic (4, 5) ; thus, the term "pathogenicity factors" also has been suggested (6) .
Pathogenic isolates of Periconia circinata (Mangin) Sacc. cause milo disease, a root and crown rot of sorghum [Sorghum bicolor (L.) Moench] (7), and produce two similar, acidic, low molecular weight toxins (designated PC toxins 1 and 2) with host-selective activity (8) . Susceptibility to the pathogen and sensitivity to PC toxin are both determined by the semidominant allele at the same genetic locus, designated pc (9) . Genotypes homozygous recessive at the pc locus are insensitive to the toxin at concentrations at least 2,000-fold greater than those affecting susceptible genotypes (8) . Thus, the essential molecular events in milo disease appear to involve the interaction between a single metabolic product of the pathogen and a single genetic locus or gene product of the host.
Although many biochemical and physiological responses to host-specific toxins have been studied, the precise mechanism or site of action has not been determined (6) . One of the most common effects of the toxins is an alteration in membrane permeability (10) . However, attempts to establish that the cell membrane is the primary site of action or that interaction of the toxin with a membrane-bound receptor results in development of disease symptoms have not been convincing (6, 11) . Previously, we determined that symptom development in sorghum seedlings treated with PC toxin was not a direct consequence of electrolyte loss (11) . Under certain conditions toxintreated seedlings developed disease symptoms without a significant loss of electrolytes, and, conversely, a nonselective loss of electrolytes was induced by fusaric acid or citrinin without symptom development. Furthermore, electron microscopic examination of toxin-treated roots revealed no detectable ultrastructural alterations in the plasma membrane (12) . These observations and the results of studies on the effects of the hostspecific toxin produced by Helminthosporium victoriae (HV) on oats (13) led to the conclusion that the determinative or lethal site of toxin action is within the cell (11, 13) .
Sensitivity of oat (14) and sorghum (15) (17) . Culture medium and conditions for production of toxin were described previously (8) .
Toxin Purification and Bioassay. The host-specific toxin was purified (8) (20) . Proteins were stained with Coomassie brilliant blue R-250 and detected by fluorography with EN3HANCE (New England Nuclear) according to the manufacturer's procedure. Dried gels were exposed to Kodak XAR-5 film (Eastman-Kodak) at -80'C for 3 days.
For two-dimensional electrophoresis, urea and ampholytes were added to the samples (6 x 105 cpm) to give 9.5 M and 2% (vol/vol), respectively. The proteins were subjected to isoelectric focusing (IEF) as described by O'Farrell (19) in a gradient of pH 4.4-7.0 in the first dimension. The IEF gels, nonequilibrated with NaDodSO4, were run in the second dimension on NaDodSO4 gels with a gradient of 10-16% (wt/vol) acrylamide (19 The potential effect of PC toxin on the synthesis of specific proteins was determined by electrophoretic analyses of proteins synthesized in vivo in the presence of [3H]leucine. Onedimensional NaDodSO4/polyacrylamide gels revealed no detectable differences in the proteins synthesized in root tips of non-toxin-treated susceptible, nontreated resistant, or toxintreated resistant genotypes (Fig. 1) . However, significant differences were evident in the proteins synthesized in toxin-treated susceptible root tips. The most obvious difference was a marked increase in the radioactivity associated with a band at Mr 16,000 (Fig. 1) . Other, less pronounced differences resulting from toxin treatment, particularly with the longer treatment time, included a slight decrease in a protein band at Mr 76,000 (Fig.   1 , lanes 2 and 4) and increases in proteins at Mr 43,000 (Fig.   1, lane 4) and at Mr 24,000-28,000 (Fig. 2C) .
Two-dimensional gel electrophoresis resolved the Mr 16,000 protein band into four distinct polypeptides with the same molecular weight but with different isoelectric points between pH 5.8 and 6.3 (Fig. 2) . No polypeptides were detected that were unique to the toxin-treated tissue.
The increased synthesis of specific proteins induced by toxin was prevented by treatment of the root tips with cordycepin prior to toxin treatment (Fig. 3, lanes 3 and 4) . This result and the protection against toxin-induced symptoms by cordycepin suggested that PC toxin altered the rate of synthesis of selected RNAs. Thus, RNA extracted from root tips of nontreated or toxin-treated susceptible seedlings was translated in a cell-free protein-synthesizing system from wheat germ or rabbit reticulocyte lysate. Electrophoretic analyses of the in vitro translation products of RNA extracted from toxin-treated root tips indicated an increase in the Mr 16 ,000 proteins compared with those of RNA from nontreated root tips (Fig. 3, lanes 5 and 6) . Two-dimensional electrophoretic analysis of the products confirmed the presence of four distinct polypeptides (Fig. 4) Similarities between microbial toxins and plant hormones in altering plant growth responses, cellular metabolism, and membrane permeability and in inducing tissue proliferation have been described (25, 26) . The effects of PC toxin on protein synthesis in sorghum are similar to those of gibberellic acid on barley aleurone cells and of auxins on elongating soybean hypocotyls. Treatment of barley aleurone layers with gibberellic acid induces the de novo synthesis (27) of a-amylase and other hydrolases (28) that are secreted from the aleurone cells into the endosperm. The poly(A)+ RNA for a-amylase increases rapidly after gibberellic acid treatment and becomes the predominant translatable RNA (29) . Cordycepin prevents the formation of aamylase (30) , suggesting that gibberellic acid acts at the level of transcription. Among other polypeptides whose in vivo synthesis may be regulated by gibberellic acid, the most notable, with respect to considerations of PC-toxin action, are those with Mrs of 16 ,000 and 24,000 (31) . Interestingly, one of the early cytological effects of PC toxin is the disappearance of starch grains from plastids in root cap cells of susceptible sorghum (12) , and one of the proteins that increases slightly in toxin-treated root tips has a Mr of 43,000 similar to the Mr of a-amylase from barley (32) .
Recent studies on the mechanism of action of the auxins,
